A multiplex PCR assay was developed which allowed the simultaneous detection of five trait genes or virulence markers in enterohemorrhagic Escherichia coli (EHEC) serotypes. A primer pair, designed to detect a single base-pair mutation in the uidA gene, is specific only for the prototypic EHEC of O157:H7 serotype and its toxigenic, non-motile variants. In a similar way, primers to the eaeA gene of the -intimin derivative specifically detects strains in the EHEC 1 clonal group, which consists mostly of O157:H7 and some O55:H7 serotypes. The other three primer pairs, specific for stx1, stx2 and both variants of ehxA genes, will detect the presence of these virulence genes in all EHEC serotypes. Analysis of 34 strains, including various serotypes of EHEC, Shiga toxin-producing E. coli and enteropathogenic E. coli, confirmed that the multiplex PCR assay detected the presence of these genes in a manner consistent with the known genotype of each respective strains.
INTRODUCTION
of intimin protein that is essential for cellular attachment and is encoded by the chromosomal eaeA gene, Escherichia coli of serotype O157:H7 is the protoand the presence of a 60 mDa plasmid (pO157) that carries the ehxA gene that encodes the EHEC hemotypical enterohemorrhagic E. coli (EHEC) and most often implicated in illness worldwide. However, the lysin or enterohemolysin. 1,2 This toxin is related, but not identical, to the -hemolysin of E. coli in that EHEC group also includes toxigenic, non-motile (NM) variants of O157 serotype, some strains of the O26 they share about 60% sequence homology.
3
Several multiplex PCR assays have already been and O111 serotypes and other serotypes that have also been implicated in illness.
1,2 EHEC are disdeveloped to detect virulence factors in EHEC. Most of these target the Stx genes (stx1 and stx2) in comtinguished from other pathogenic E. coli by its trait virulence factors, most notable of which is the probination with either eaeA and ehxA or both. 5, 6, 7 Other PCR assays have included detection of these markers ductions of Shiga toxins (Stx). There are over 100 serotypes of Shiga toxin-producing E. coli (STEC) that with genetic targets that are unique to O157:H7 serotype 4 or genes that encode for specific O antigen produce Stx1, Stx2, one of several Stx2 variants or a combination of these toxins.
1 However, Stx1 and Stx2 types. 8 Recent molecular analyses, however, have shown that there is genetic diversity in many of the are the two principal and defining EHEC toxins and are most often implicated in disease in humans. Other EHEC virulence factors carried by the various EHEC strains and serotypes. Here, therefore, we combined trait virulence factors of EHEC include the production and modified gene-specific primer sets from two preaccording to kit instructions. The enterohemolysin activity of strains were tested on washed sheep blood viously described PCR assays to develop a five geneproduct (5P) multiplex PCR that simultaneously and agar plates containing calcium. The medium was prepared by supplementing tryptic soy agar with reliably detects five trait EHEC genes encoding markers and virulence factors associated with these 10 mM of CaCl 2 (pH 7·3) and 5% defibrinated sheep blood that had been washed three times in phosphate organisms.
buffered saline (PBS). The primer sequences, genetic targets and the exspecific products, while no products were generated from the E. coli negative control (Fig. 1, lane 3) . With pected sizes of the amplification products from the 5P multiplex PCR assay are shown in Table 1 . The respect to the stx genes, analysis showed that all EHEC and STEC strains examined had PCR products assay was set up as follows: each 50 l reaction mix contained 200 M of each deoxynucleotide trifor stx1, stx2 or both. Serological testing of each strain using anti-Stx1-and anti-Stx2-bound latex reagents phosphate, 300 nM of each primer, 1×PCR buffer (50 mM KCl, 2·5 mM MgCl 2 , 10 mM Tris-HCl, confirmed that the respective toxins were produced by these strains as detected by the PCR analyses (data (pH 8·3) and 0·5 l (2·5 U) of AmpliTaq Gold polymerase (PE Applied Biosystems, Foster City, CA, USA). not shown). EPEC strains, which do not produce Stx, showed no stx gene-specific PCR products ( Fig. 1 , The template DNA was prepared by suspending a single colony in 100 l of TE buffer, which was then lane 10 and Table 2 ). The uidA gene in E. coli encodes for -gluheated for 5 min in a boiling water bath, chilled on ice for 5 min and centrifuged to remove debris. Prior curonidase (GUD). Although O157:H7 serotype do not have GUD activity, they carry the uidA seto amplification, reagents were mixed and heated at 95°C for 7 min to activate AmpliTaq Gold. Afterwards, quences. 9 The uidA primers used in the 5P multiplex PCR are designed to amplify those uidA nucleotide 2·5 l of template was added to the reaction mixture and heated for an additional 5 min. Samples were sequences that contain the single base T→G transversion mutation at the +93 position of the structural amplified for 25 cycles of 1 min at 94°C, 1 min at 56°C and 1 min at 72°C, followed by a final extension gene. 9 As this mutation is highly conserved in and found only among the O157:H7 serotype, these of 7 min at 72°C. PCR products were examined by 1% (w/v) agarose gel electrophoresis in Tris Borate primers are specific for this organism. 4 Consistent with this prediction, our results showed that only EDTA buffer (pH 8·2).
MATERIALS AND METHODS RESULTS AND DISCUSSION
The production of Stx by the isolates were verified strains of O157:H7 serotype, and its toxigenic, nonmotile variants, had the uidA gene-specific product serologically using the Verotox-F test (Denka Seiken, Tokyo, Japan). The assay, a reverse passive latex (Fig. 1, lanes 2 ,5,9 and Table 2 ). The eaeA gene that encodes for intimin is found in agglutination test for Stx1 and Stx2, was performed both EHEC and EPEC strains. At present, there are at variation. 16 These ehxA gene variants are clustered into two groups, where cluster I included the more least five distinct intimin derivatives, 10 which are desigcommon EHEC serotypes, such as O157:H7, O26 nated , , , and NT (non-typeable). Of these, -and O111, while cluster II is composed of various intimin is characteristic of the EHEC 1 clonal group, 11 other serotypes that have also been implicated in which consists mostly of the O157:H7 serotype. 12 The illness. 16 Because the ehxA sequences of the two eaeA primers used in the 5P multiplex PCR anneals to clusters are not identical, PCR primers that target the the 3′ end of the O157:H7 eaeA gene and is, therefore, variable region often detected strains in one cluster specific for the -intimin isotype. 6 These eaeA primers but not the other. We sequenced the primer binding have been reported to react only with strains of O157:
region of one such primer pair, MFS-1F and MFS-1R, 6 H7 and EPEC O55:H7 serotypes, 6 which have been which is specific for O157:H7 and other strains in shown to be very closely related genetically and in the the cluster I group and compared it to the homologous same clonal group. 13 Results of our PCR analysis are in sequence of cluster II group strains. 16 This analysis resconcurrence with those findings and showed that these ulted in the development of a new primer, MFS-1Fb, primers detected the eaeA gene of O157:H7 serotype, that efficiently binds a region of the ehxA nucleotide as well as O55:H7 strains (Fig. 1, lanes 2,8 and Table  sequence that is conserved in both cluster I and cluster 2). Other EHEC serotypes are known to express -in-II group strains. 17 The sequence of the modified ehxA timin or another as yet uncharacterized intimin deprimer was compared with that for hlyA that encodes rivative 11 and will not be detected by these eaeA for -hemolysin, 3 to ensure that it did not bind to a primers. However, the assay will specifically detect region that was homologous to ehxA and hlyA. By the -eaeA of the prototypic EHEC O157:H7 serotype, incorporating the new ehxA primer into the 5P multiwhich is most often implicated in foodborne illness. plex PCR, we were able to effectively amplify the ehxA The enterohemolytic phenotype, encoded by the gene from the enterohemolytic strains examined from ehxA gene, is present in most O157:H7 and regarded both cluster I (O157:H7) and cluster II (O113:H21) as a trait characteristic of this serotype.
14 However, groups ( Table 2) . production of enterohemolysin is also closely associated with other EHEC serotypes that have been implicated in illness. 15 Recent genetic studies showed Conclusions that the ehxA genes of STEC strains shared 98% overall sequence homology, but that there were spe-A multiplex PCR assay was developed which simultaneously and reliably detects 5 trait EHEC genes or cific regions which showed high degrees of sequence pathogenic E. coli serotypes examined.
